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1 $0<\mu<1.4011551$ ( ) $2^{k}$
$(k=0,1,2, \cdots)$ ( ) $\mu=1.4011551$ $2^{\infty}$
1.4011551 $<\mu\leq 2$ $\delta$ $(\delta\neq 1,2)$ $\delta$
$\delta^{k}$ $(k=1,2,3, \cdots)$ $\mu=1.75$ 3
( ) $3^{2}$ ( 2)
$3^{2}$ $3^{3}$ $3^{k}$ $(k=3,4,5, \cdots)$
$(karrow\infty)$ $3^{\infty}$
$\{z_{i}\}$ $L(\mu, z)$ $z_{c}$ (SSPO)
SSPO $z_{c}$ zO $=$ z
$z_{c}=0$
3 $\delta^{K}$ SSPO $\delta^{K}$ USPO
$z_{1}$ $z_{1}+dz1$ $i$ $\delta z_{i}$
$\delta z_{i}=|L^{i-1}(z_{1}+\delta z_{1})-L^{i-1}(z_{1})|=\Xi_{i}\delta z_{1}$ (5)
$i$
$–i=| \frac{\partial L^{i-1}}{\partial z}|(z_{1},\mu)=\prod_{j=1}^{i-1}|L’|_{j}(\mu)$ (6)
$|L_{j}’(\mu)|$ $Z=Zj$
$|L’|_{j}( \mu)=|\frac{\partial L}{\partial z}|(z_{j},\mu)$ (7)
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$\mu$
1: $\mu$
$z_{i}=0$ SSPO $\mu=1.75$ 3
1.75 1.76 1.77 1.78 1.79
$\mu$
2: 1 3 SSPO $z:$ , $\mu$
$\mu=1.786$ $3^{2}$
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$\delta^{K}$ SSPO $i$ $i=\delta^{k}$
$i$ $($ $3(a))$ $\mu$ $\delta^{K}$ SSPO

















( ) $\mathcal{L}(\mathcal{R})$ $\delta^{k}$ $\{Z_{1}!^{k]}\}_{i=1}^{\delta^{k}}$
$\delta^{k}$
$\mathcal{L}$ $\mathcal{R}$ $\delta^{k}$ $z_{i}^{|k]}$ $\{s_{i}|s_{i}=\mathcal{L}, \mathcal{R}\}$
$z_{i}^{[k]}=F^{i-1}(\mu, z_{1}^{[k]})$ $\delta^{k}$ $z_{1}^{[k]}$
$F_{s_{\delta^{k}}}o\cdots oF_{sz}oF_{s_{1}}(z,\mu)=z$ (12)
$F_{\S:}(\mu, z)$ (si $=\mathcal{L}$ $\mathcal{R}$)
$F_{\mathcal{L}}(\mu, z)=\{\begin{array}{ll}F(\mu,z), z\in\{z|F’(\mu, z)\geq 0\}0, z\in\{z|F’(\mu, z)<0\}\end{array}$ (13)















3: $3^{12}$ SSPO $3^{12}$ USPO (a) $3^{12}$ SSPO





4: $\theta_{i+1}=T(\nu, \theta i)$ $\mathcal{L}$ $\mathcal{R}$
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$T(\nu, \theta)$
$T(\nu, \theta)=\{\begin{array}{ll}T_{L}(\nu,\theta)=\nu\theta (0\leq\theta\leq 1/2)T_{\mathcal{R}}(\nu,\theta)=\nu(1-\theta) (1/2<\theta\leq 1)\end{array}$
$\nu$ $1<\nu\leq 2$ $\{\theta_{i}\}$ $\theta_{i+1}=T(\nu$, $\theta$
$[0,1/2)$ $\mathcal{L},$ $(1/2,1]$ $\mathcal{R}$




( $\theta_{i}$ ) $\delta^{k}$
1 $\mathcal{L}$ $\mathcal{R}$ $\mathcal{L}(\mathcal{R})$ $T_{\mathcal{L}}(\nu,\theta)=\theta(T_{\mathcal{R}}(\nu, \theta)=$
$\theta)$ $\theta=0(\theta=\nu/(1+\nu))$
2 $\mathcal{R}\mathcal{L}$ $\mathcal{R}\mathcal{L}$ $T_{\mathcal{L}}$ $T_{\mathcal{R}}(\nu, \theta)=\nu^{2}(1-\theta)=\theta$
$\theta_{1}^{(R\mathcal{L})}=\nu^{2}/(1+\nu^{2})$ $\theta_{2}^{(\mathcal{R}\mathcal{L})}=T_{\mathcal{R}}(\nu, \theta_{1}^{(\mathcal{R}\mathcal{L})})=\nu/(1+\nu^{2})$
3 $\mathcal{R}\mathcal{L}\mathcal{L}$ $\mathcal{R}\mathcal{L}\mathcal{R}$ $\mathcal{R}\mathcal{L}\mathcal{L}$




$\nu=2$ $\mathcal{R}\mathcal{L}\mathcal{L}$ 5(a) $1<\nu\leq 2$ $\{\theta_{i}^{(\mathcal{R}\mathcal{L}\mathcal{L})}\}_{i=1}^{3}$
$\nu$ 5(b) $\theta_{1}^{(\mathcal{R}\mathcal{L}\mathcal{L})}(\theta_{2}^{(R\mathcal{L}\mathcal{L})})$ $1<\nu\leq 2$ $\mathcal{R}(\mathcal{L})$
$1/2<\theta_{1}^{(R\mathcal{L}\mathcal{L})}\leq 1(0\leq\theta_{2}^{(\mathcal{R}\mathcal{L}\mathcal{L})}<1/2)$ $\theta_{3}^{(R\mathcal{L}\mathcal{L})}$















5: 3 (a) $\mathcal{R}\mathcal{L}\mathcal{L}$ $(\nu=2)$ (b) $\mathcal{R}\mathcal{L}\mathcal{L}$ $\nu$
$\nu<(1+\sqrt{5})/2$ $\mathcal{R}\mathcal{L}\mathcal{R}$ ( ) (c) $\mathcal{R}\mathcal{L}\mathcal{R}$
$(\nu=2)$ (d) $\mathcal{R}\mathcal{L}\mathcal{R}$ $\nu$ $\nu<(1+\sqrt{5})/2$ $\mathcal{R}\mathcal{L}\mathcal{L}$ (




6: $z_{i+1}=L$ ( $\mu$ , zi) $\mathcal{L}$ $\mathcal{R}$
$\mathcal{R}\mathcal{L}\mathcal{R}$ $T$
$T_{\mathcal{R}}\circ T_{\mathcal{L}}\circ T_{\mathcal{R}}(\nu,\theta)=\nu(1-\nu^{2}(1-\theta))=\theta$ (17)
$\{\theta_{i}^{(R\mathcal{L}R)}\}_{\mathfrak{i}=1}^{3}=\{\nu/(1+\nu+\nu^{2}), \nu^{2}/(1+\nu+\nu^{2}), (\nu+\nu^{2})/(1+\nu+\nu^{2})\}$ $\nu=2$
$\mathcal{R}\mathcal{L}\mathcal{R}$ 5(c) $1<\nu\leq 2$ $\{\theta_{i}^{(R\mathcal{L}\mathcal{R})}\}_{i=1}^{3}$ $\nu$
5(d) $\theta_{3}^{(\mathcal{R}\mathcal{L}\mathcal{R})}$ $\mathcal{R}$ 3 $\mathcal{R}\mathcal{L}\mathcal{R}$ $\nu\geq(1+\sqrt{5})/2$
$($ $5(d))$ $\nu=(1+\sqrt{5})/2$ $\mathcal{R}L\mathcal{L}$ $\mathcal{R}\mathcal{L}\mathcal{R}$ 3




(12) $L_{\mathcal{L}/^{1}R}(\mu, z)$ $\delta^{k}$
$z=F_{S1}^{-1}oF_{\epsilon_{2}}^{-1}o\cdots oF_{s_{\delta^{k}}}^{-1}(\mu, z)$ (18)
$L(\mu, z)$ (18)
$\mathcal{L}$ , $\mathcal{R}$
( 6) $z=0$ $C$
1 $\mathcal{L}$ $\mathcal{R}$ $L_{\overline{\mathcal{L}}}^{1},$ $L_{\mathcal{R}}^{-1}$
$L_{\mathcal{L}}^{-1}(\mu, z)=-\sqrt{\frac{1-z}{\mu}}$, $L_{\mathcal{R}}^{-1}(\mu, z)=\sqrt{\frac{1-z}{\mu}}$ (19)
$(\mathcal{R})$ $L_{\mathcal{L}}^{-1}(\mu, z)=z(L_{R}^{-1}(\mu, z)=z)$ $z_{1}^{(\mathcal{L})}=$
$(-1-\sqrt 1$ $\mathcal{T})$/2$\mu$ $(z_{1}^{(\mathcal{R})}=(-1+\sqrt{}$ $4\mu)/2\mu)$
2 $\mathcal{R}\mathcal{L}$ $L_{\mathcal{L}}^{-1}\circ L_{\mathcal{R}}^{-1}(\mu, z)=z$ $z_{1}^{(\mathcal{R}\mathcal{L})}=(1+$
$\sqrt{}-$ $\psi)$/2$\mu$ - $z_{2}^{(\mathcal{R}\mathcal{L})}=L_{\mathcal{R}}(\mu, z_{1}^{(\mathcal{R}\mathcal{L})})=(1-m-+4\mu/2\mu$
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$0$ 1 1.2 14 1 $1S$ 2.0
$\mu$
7: 2 $\mathcal{R}\mathcal{L}$ $\mathcal{L}$ $\mathcal{R}$ $\mu$ (
) $\mathcal{L}$ $\mu<1$ $\mathcal{R}$ ( )
$z_{2}^{(\mathcal{R}\mathcal{L})}$ $\mathcal{L}$ $z_{2}^{(\mathcal{R}\mathcal{L})}<0$ 2 $1\leq\mu\leq 2$ ( 7
) $3/4\leq\mu<1$ $z_{\mathfrak{i}}^{(\mathcal{R}\mathcal{L})}$ $\{\mathcal{R}\mathcal{R}\}$ 2 ( 7
) (18) SSPO $(\mu=\hat{\mu})$ $\mu>\hat{\mu}$
4.2 USPO
$\mu=2$ $L(2, z)$ $\nu=2$ $T(2, \theta)$ $z=h(\theta)=-\cos(\pi\theta)$
$L(2, z)=h\circ T|_{\nu=2}oh^{-1}(z)$ (20)
$L^{i}(2, z)=h\circ(T|_{\nu=2})^{i}\circ h^{-1}(z)$ (21)
$i=1$ $z_{1}$ $\theta_{1}$ $z_{1}=h(\theta_{1})$
$i>1$ $z_{i}=h(\theta_{i})$ 4.1.1 $T(2, \theta)$ $\delta^{k}$
$\{\theta_{1}^{[k]}\}_{i=1}^{\delta^{k}}$ $z_{i}|=h(\theta_{1})$ $L(2, z)$ $\delta^{k}$ $\{Z_{l}!^{k|}\}_{i=1}^{\delta^{k}}$
$\mu=2$ $L(\mu, z)$ $T(\nu, \theta)$
3 $\nu$





2 $rightarrow$ – $rightarrow$ $rightarrow$




8: (a) $2^{12}$ SSPO $\delta$ Cantor
(b) $2^{12}$ USPO
$\delta$ Cantor
( ) $\delta$ Cantor $\delta$
Cantor




$\delta^{\infty}$ SSPO $\hat{\mu}(=\hat{\mu}_{\infty}^{(\delta)})$ $\tilde{\mu}(=\tilde{\mu}_{\infty}^{\langle\delta)}=2)$
( $\delta^{K}$ $(K\gg 1)$
)
$\delta^{K}$ SSPO $\delta$ Cantor




$\delta^{K}$ SSPO $\delta$ Cantor
$\delta$ Cantor 8 $\delta$ Cantor $\delta$
Cantor $k$
( )




$2^{20}$ $I_{1}^{(k)}(1\leq k\leq 19)$ $k$ 9 10
9(a) SSPO $I_{1}^{(k)}$ $2^{20}$ SSPO $\delta$ Cantor
$I_{1}^{(k)}$ 9(b) USPO $I_{1}^{(k)}$ $I_{1}^{(k)}$
SSPO 10 SSOP USPO








9: $2^{20}$ $I_{1}^{(k)}$ (a) $2^{20}$ SSPO $I_{1}^{(k)}$ $k$ $(\blacksquare)$ .




10: $2^{20}$ $\ln|\ln I_{1}^{(k)}|$ ( )
SSPO $(\blacksquare)$ $(I_{1}^{(k)}$ $\ln I_{1}^{(k)}$
)




$\gamma$ . $\sigma$ 1






(23) (25) $\lambda=\ln 2$ Ljapunov
52 $\mu$






1: $\delta^{K}$ $(\delta^{K}=2^{20},3^{14},4^{11},5^{10},6^{9})$ $I_{1}^{(k)_{\text{ }}}$
$k$ $I_{1}^{(k)}$ $I_{1}^{(k)}=\sigma^{-\gamma^{k}}$ $\gamma$ $\sigma$
$\gamma$
11: $2^{12}$ USPO $(\delta=2. K=12)$ $\gamma$ $\mu$ $\gamma=2$
$\gamma$





13: $4^{7}$ USPO $(\delta=4, K=7)$ $\gamma$ $\mu$ $\gamma=4$
$\sigma$












17: $\delta=2,$ $\delta=3$ . $\delta=4$ $\ln|\ln I_{1}^{(k)}|$ $\overline{\mu}$ (33), (34)
$I_{1}^{(k)}(\overline{\mu})=(1+\overline{\mu}^{1/\delta})^{-\delta^{k}}$
$I_{1}^{(k)}(\mu)=\sigma(\mu)^{-\gamma(\mu)^{k}}$ $\sigma(\mu)$ $\gamma(\mu)$ 11, 12, 13
$\gamma(\mu)$ $\delta^{K}$ SSPO $(<)$ $\delta$




$\overline{\mu}$ $0\leq\overline{\mu}\leq 1$ SSPO $\overline{\mu}=0$,
$\overline{\mu}=1$ $\sigma(\delta,\overline{\mu})$ $\overline{\mu}$ :
$\sigma(2,\overline{\mu})$ $=$ $1+100035\cross(\overline{\mu}_{12}^{\langle 2)})^{0.51436}$ (27)
$\simeq$ $1+\overline{\mu}^{1/2}$ , (28)
$\sigma(3,\overline{\mu})$ $=$ $1+1.01093\cross(\overline{\mu}_{8}^{(3\rangle})^{0.339921}$ (29)
$\simeq$ $1+\overline{\mu}^{1/3}$ , (30)
$\sigma(4,\overline{\mu})$ $=$ $1+1.06084\cross(\overline{\mu}_{7}^{\langle 4)})^{0.227483}$ (31)
$\simeq$ $1+\overline{\mu}^{1/4}$ . (32)





18: $\delta=2,$ $\delta=3,$ $\delta=4$ Ljapunov $\lambda$ $\overline{\mu}$ o
6
$\delta^{\infty}$ USPO $\delta^{\infty}$ SSPO $\delta$ Cantor
$k$
$I_{1}^{(k)}$ SSPO
$k$ ($\mu=2$ $k$ 9(b) ) $I_{1}^{(k)}$
(33), (34) ( $\overline{\mu}$ 17
) (33) (25) SSPO $(\overline{\mu}=0)$ $(\overline{\mu}=1)$
USPO Ljapunov
$\lambda(\delta,\overline{\mu})=\ln(1+\overline{\mu}^{1/\delta})$ (35)
18 $\delta=2.3.4$ Ljapunov $\lambda(\delta,\overline{\mu})$ (35)
$\delta$ Ljapunov
$\delta^{\infty}$ USPO $\alpha\pm$ (
$(\alpha$ $)$ )
$\delta^{K}$ USPO
[7, 8] Ljapunov (35)
SSPO $(\overline{\mu}\sim>1)$ $I_{1}^{(k)}$ $\delta^{\infty}$ SSPO
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